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(57) iwm] 
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-1- 



fx 5 ^^Y"^jK>-^Ie1^IC*3V>T. 

* <&SWW«W- tcffiR £ ttr v > £ * ^ o^^gg £ , 

teSV > (ciBffi ^ * y ^ -e& 5 fit* JS 1 * tc 2 IB 

[ff^4] Btfl2^#^tt. pMOS (p -Metal 
Oxide Semiconductor) b 7 ^irnMOS h :7 > 

Q 1 =CXV c c 

Q2 = CX (2Vc c-Vc c) 

[0 0 0 5] _hiS5£ (1) (DC}ttf<*/*Cl<Dm& 
XhZ> 0 JL1S5S (1) KJ:»K Q1=Q2, o£9 



V^ir/M^ pMOSMll«$tlfcnMOS 
p MO S £fi £ ^mm^JtC^gl $ ttfc p * a: 

im*£7] «riBpS!S«i>3:/v«s«:«rtapMos* 
[0 00 11 

K38-h©««»i?] mMmJE<t «9^^mJE 

[0 0 0 2] 

[**©a«] *»ft:^*9, {?Ux.ff E E P RO 

M (Electrically Erasable and Programable Read Onl 
y Memory) ^7 7 y 7« * P tCOV>T x fc^WU/S 

^d»-C*>5. ^H$rll^r^fc^{c, (1) 
«ffiSrffiPi-5*ife, (2) ^y^rtWo^-Y— 

^$ttTv^^ 0 ^-e^ x %.-mmmzL (2) 

[0 0 0 3] fir-^^@BOS*lRlfc 

1 co-^ig^ic o V, flfe^^JcmaSmEEV c c $rRl*n 

[0 0 0 4] ^-jWff©0V(3!)ttt^W« 
ffVc clclg^i, tt*JSfO«R«EVc c 
(i. aa©«l«BEVccH2«OlE2XVcc^ 

EE— taK^tr^>/i-5o rcortf^ Jfctf>5£ (1) (Ci 
9. 



= CVc c • • • (1) 

[0006] m i otc, *«©^^yvif't- 
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[0 0 0 7] 01OlC*5\OT. ? y>wi<?-T~ 

m<0*\s<i/?C 1 t li^nMOS F7>^^D1 
xmj&ZthZo 4{@<Og^2K>^ir/w (nMOS h?>- 
^^Dl-D4^t/^C1-C4) jPKHSBR 

[00 0 8]»h7^^D0fi, KK>Jgf 
Dfcy-h«^G3ftSmROtfJ*ig (mJEVcc ;#J;ttf 
3V) l^^ntV>$ 0 r<DF7^^D0tt, h 
7 >is X ? D 0 <D y - * Sm<D, tfls\?ls?£tltL/ — 
KN 1 ©««dS«i«JEv c ci(:f»t50^Ci 

[0 0 0 9] ^r— S*#>^tHratett*ny*«^CL 
Kl, CLK2^A^7ft#^ tTA7j$iltV>6 0 

[0010] 011 t^-T «fc ^ n s/ ^ft-^C LK 

1, CLK2ttm^mjEVc c£^^£ LT*5*>, 

^^li, ^py^BfCLKl*s«MEVc ccd£ 

K 1 # o VOt #tt:>7 n y ^ft-^-C LK 2 ttm^SflEV 

[0 0 11] ^^-^TK^lHlj^tClioX^^fc - ^^^ 

nfcmEE^m^/— kvo u tfrhmtiztiZo ^<om 

VNl=Vcc-Vth 
VN2=Vc c-2 V t h 
VN3=Vc c~3Vt h 
VN4 = V c c — 4 V t h 
±154005$; (2) frt>m2>±0\£. nMOSh7^ 

£*LfcmJEU:*fLT, nMOS h^V^^Og^SmJE 

[0 0 1 7] 01 3JC^-TJ:5^> ^n^lffCLK 

ia*o v-vc cizm&vtckZ. y-KNi(i, 2v 

cc-Vthld^U F7^^DlHJ:t) h^V 
i^X^D KDV- Xfrb/ — KN 2 Icffl^mffi (2Vc 
c-Vth) -Vth-Vb$:|sit2, 0 fc*5 x Vbli 

[0 0 18] ^Py^{|^CLK2^0V^e)iMlff 



[0 0 12] nMOS yi/^fCDmmV&H 

i^l2l^ttV^^ 
[0 0 13] 01 2\C7jk-t£?\Z s -f&mc^ 77r> 

ipmffVs s (0V) £U P-&ffi-LM, 3tJ^P§£ 
©v>-cv— *s (n+) ^JztfKi^ (n+) 
J*f«i:*K: % V-xs (n+) fcKW^D (n+) 

J: 19 nMO S h^^v^^Srfl^JtLTV^o :«nMO 
SF7>^^^ 01 0<D£5iz&8t&W&m8t£ti 

[0014] @i3i^ iSW^^yyif-^— 

^^ESSO^/ — FN 1 ~N 4 (D#<4 ^ 

bTV^ e HIl Ol^fipl^ y-KNKinMOS 

h7^^D0^ nMOS bv^^PD 1 P^iCfe 

/-KN2ttnMOSh7y^^DUnMOS 
h7^^D2BtfcD, /-KN3fj:nMOSb7 
^^D2inMOS b 7 V^*^ D 3 PpQ{C& 9 % y 
-KN4finMOS h7^^D3t nMOS h^V 

[0 0 15] ^r-V/^i/^C 1—C4fim^#^^ 
<. ^ny^itCLKl, CLK2^0 V^mjEl^ 
^iTfcStOMiTO^/- KHUEEVN 1 ~VN4 
fi^0 4o^ (2) <E><fc5t-£5o 

[0 0 16] 



(2) 

VcclCl^tfci:^, y-KN2|j:2Vcc-2Vt 
h-Vb^f)3Vc c - 2 V t h-Vb^I^fio 
rtV^r. 01 3\Z^i-£?\ZS— KN4*-e*!)iEL 
^^©^(DW^mJEVo u t t Lt|li7J 

[0019] ~<n£ o i£=r4 ? y i/M^-Y—zttfisy'iE} 

TKi-Hwan Choi et al. , 1997 Symposium on VLSI Circu 
itsDigest of Technical Papers, 1997 J UHsBifc^ftTl^ 
5<fc5K> £IT<D ($cl) (3) xmZfrZo 

[0 0 2 0] 

[&U 
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# 



Vout(conventional)=Vcc~Vth(0) 

\ — t 

(a) 

JblSzS (3) COVth (0) f*h7>-^*D0<D^ffi 
W£ (*J;ttfs Vth=0.6V) , V t h ( i) ten 
&B<D b7V^^<DiliSmJE^^Ur*5 9. (a) 3g 

(o rvc c-v t h (o) j te^B±-ete ri j 
[0 0 2 1] Vth (i) i*. s^vt^m 

Vth (i) <ft5o -hlB^: (3) X* 

te, Vt hkVb&ftlftiM (Vth+Vb^Vthi: 

(3) co ( a ) (b) m(D$h%;t>mmc 

(b) lJ^feSlctf^fc 0 :^ 

^tb^mff$r#x.s^. txTo^: (4) -cmztiZo 

[00 22] Vcc-Vth (i) (4) 

mos h?>-*/**<DMm.wmv t h (i) ^m^mjE 

Vc c irco-^— ^Xc^^^x^^^^e. ^fcE^T 

^^^itufcgiMmjEv t h ( i ) 7bm< &5 
[0 0 2 3] hi o^7>f ^yyift-^ 

[0 0 2 4] £X±<DZtfrh. —ffl&tZ^-'r—Vtfl/T' 

lilt, &<D2& (1) (2) ^tf^ So 

(1) ^^MT^^(cJ:SiHl®JEE<7)fiAD, (2) 

[0 0 2 5] 

<of ^ t v i^m^ *-i?tfi/zf\sl&<DmM&te. ( 1 ) 

mfosU7*%}%z\c£z>Mm.mj£(DmiM^ (2) ^ye 

f*> (1) S^T^MiaSMOS h7^^ 

co^M@EE±i^ico^i0j x ( 2 ) mmmiEv cch^i 

COMO Sh7 >- ^ CO^l^EE V t h (i) t<D?$<0 




|{(Q)Vcc-Vlh(i)} .-.(3) 

1 (b) ' 

[0026] &&<dtj ? y>-M^^—z?7$^y , \E\&\z 

OV^T, @1 0CD<fc 9I-MOS 1>7^^D1-D4 
(D&&Lm& (^.^-V^p^^/um^L) s (0 V) 

tl£xmmmz\.Xte*)^ ^ny^fCLKl, CL 
K 2 ©iitlllEV c c t-^T'$)5 1 1 , m 

[0 0 2 7] *&mt±. -hlB^lf \cm.&Xte£tl£Li><D 
[0028] 

I^^^-rsfc^co^jg:] ^^co^^^^-^ 

^m^mm^^xm^iy^±/^m^^ -<dv^ 

M£frX^Z**rs*i/#<7)mJj1i$b, Z<D*c*s<i/#\c 
mwtznz h7^i?x#*m&£frX^zmtiiV3L/i<U 
ktC ^O^ft^ bmCtiLmf-f ^V^T*#EEUfc 

m&<Dmmwim&? L>x&m~rz>wm^&&ft 

So 

[0 0 2 9] ^fc, #£b<te. 

*x% ^ctft^^f ^ ^^"e»frrsa*#y^t/i« 

[0 0 3 0] ^^tC, $f^b<« x *|gWO**ft:^^ 
— ^^^mc^^X, >ciy^{i2ft"efe!3 > ^co 

[0 0 3 1] 2e>M. #*U<», «W©2N»fl:ft 
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-iStf>?®mc$>vz>mw^m±. pmos ( P -Me 

tal Oxide Semiconductor) h 7 >^ 9 t nMO S h 
[0 0 3 2] £P>1C, #*U<», 

[0 0 3 3] ist>\c. #3=L<B:, *»W©***^ir 

y^^HnMOS h^y^^-^M^ti, CCON© 
©ttJlf^tA'tt, pMOSS«±CM^fcnM 

x/l^il:«^f;nMOS h7^^^tf5- 

[0034] s&ic, »*u<«. *zm<o¥m>»°f-* 

TV^fraA*** U i^l^i$ilfcpiM!>x 

So 

[0 0 3 5] »*U<tt. ^^^^^ 

[0 0 3 6] ±1B«/*K:J:»K ^T. *G>ffUB*«WH- 
££3feco^>f * y ^tfv^isWiC'f y/^- 

«*<Ofi«SrifB$-fr^o^©ffl^j«#«rnMOS h7 

ft*, ifc^ot, »f>f^y^ift-^yy 

[0 0 3 7] 

[»WoMSo»« £*Tx *Xn03nKJMBl, 2co 
£ L>T^ti&m^ti7 9 y is a. £>— ttov^CBIS 
(XlHBttl) Hltt, *»W<o*lB^tt limits* 

[0 0 3 8] H l fc*5i^-(\ *»#:^ir— ^^IhIK 
10tt, «ffi(ESfafcUT05a©nMOS 



2 (KTINV1, 2i:V^) t SrW 
[0 0 3 9]*««©»t«*tfc5INVl f 2tC«fc 
tCLKl, CLK2<D|g«»«*3j:t^»KxMT^S6 

[0 0 4 0] INVlOTJjttKli^ny^iltCLK 
2 3ftSA**tW I NV2(DA^SgtCW:^n5/^ft-^CL 
Kl^$*lt^5 0 INVl(OpMOSh7^ 

*coy— ^jWSictty-KNi^^ inv2 

GDpMOS h^V^^^y— StCtt/ — KN2 
[004 1] INVlOtHMlNVl^outfi^t 

^TP^/V^?) " fc»R$*VCV*S. INV2 
Otij^C 1 N V 2_o u t rM^^V* C 4 
0&**S) nMOSF7^^D4(DP!)x/W: 

[004 2] INVltt, #£EfMP*K:« A^p^ 
fs^CLK2<D©JEl^7M£J&C-T\ nMOS^^ 

C 3 (Dfajjiffi t . :OnMOSh7^^D 

Dft*g*-f ^ ^^#ffibfcM©coy — KN i <omj£$i 

m*. mmm&vs s (ov) t^^m^x^^y^ 
m^t b-ctftfrrso sfc. i n v 2 fix #jeekj^ 

l-x A^J^ ti y C L K 1 (OtE ^/K^ CT, 

nMOS h7^^D4^M^i L,X<oy— b\C 

S b^>^^D4^^$:tvTV>SP^^/^cbtCx 3r 

t^c4ii^ ctefli * ^ > >rx%&. b ffigt o y 

— KN2C0mffi^^Tx l$IEVs s (0 V) d^^J 
[0 04 3] S^tf^TlEM 1 0 (Om&iSl/T'-tJV 

ant ^^^y^^-Y—^^^iri^ii-cfc^x 

#J*lfc£ 1 ^<D*i:\/<t/? C 1 t 1 i©nMO S h^^i^ 

-fer/w (nMOSF7V^^Dl-D4^t^C 
1-C4) ICT«^L-TV>5 0 

[0 044] KWyJgfDir^hjgfGW (« 
BEVc c) I^J»^ixrv>5tO®cr)nMOS h^v^ 

mic &m®jk#<D®m&&*Dx^z> 9 

(hiss i o — coA^ft-^-^-r ^ y yfft-^y/ls] 
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J 



Kt^, ^ny^fCLKl, CLK2^ fl 

^-y— ^aK^lHlBl OCOaj^BJEVo u t 
lty-KNoutJ:»)^^Wo **3 % ;-KNou 

OlZXftBtZtbltMJfc jEcD^m 
[0 0 4 5] 3>«e^ia*l OIC^^T^S 

TV**. 

[0 04 6] §2^t«t9l^ ^^^i/oL^^-y rip 
Mosffi (OTP-fiSfcv^) ^ffltrv>5o p 

~<DP-m&t. nMOS h7^^^ 
OMOS h7^**a^/££:h/C^£o ^LCDMOSh 

^^^tt^h^tu te#e»« : ?-£LT<z>y-.xs 

(n+) *5<fctf— MBWfffcUCKWyD <n 

[0047] rr-m, N**/w±p**/i'*rBtfJBT 

^^^X-C*5I9. N!>x/^P^x;Wl nMOS h 
^>'v ? ^^D0~D2^^$ttTV>5P^^/H 
nMOS h7>'^^D3^J^^^t^TV^6P!>3l/^2 
nMOS h7^^D4«^il^5Pr>x 

[0 0 4 8] P^zn/Hfi^Jp®EEMV s s (0 V) 

mmzti. p !>x^2 tt^t^>^ c 3 ©tt^t^r 

>v<— * I NV l<DmjjWk\£&m£tL* Pfra^Stt 

*g£t£&j|8<*;h,TV^ 0 

[004 9] >T * I N V 1 (D^ma* ? vy? 

ft^-CLK2d5A^^tV. -fV^- * I NVKDi^ffim 
2^A^®1 (pMOSh7y^OV-7S) — K 
N 1 t£ft«3*w >f >v<— * I N V 1 ©ffiijUA^l 

(nMOS h7^^©y-^s) tts^mrai 

?tffVs s ; 0V) JC««**tT^^S 0 
[0 0 50] -Y >v<— * I N V 2 coA^fcglciri^ 

n^^CLKiaSA^H. ^fy/WlNV20 
i^JEm2©A^ffi!l (pMOS h7^isX?<Dy—*S) tt 

A^{ia (nMOSh7^^oy^S) tt^ifimEE 
(SipmjEVs s ; 0 V) KSHBSttT^S. 
[00 5 1] p -g^^S^mffiM (S2pmffiV s s ; 
0 V) NS^/Hctt. PN»^»fcHH*^J 



^:t>liJEEcoii5V^Vo u t^JiCDjEHJE) d5Slira$tLTV> 

So 

[0 0 5 2] ^iCtt, *f/^Cl-C4, 

^^-^ I NV1, I NV2*5«tIf^6COiaj^t>, 

"IfgTfc5 0 w<E>*£\ nMOS F7>^^D0~D 
2W:P-*«±*^«Stt, P-S^iS?iEVss 
(ov) xfrZtzZ)^ r.^tt^riN^s^trRtt-rK:. 

nMOSh7y^^D3, D4^, *:jh,€>jfiSRtte> 
tLfc P £ 5 <fc 5 1- N £ ai/uasRtt h tiX i > S 0 

[0 0 5 3] ±lS*j£tC<fc»K £AT\ ^ 

^^©ssi o<D7^iy\^^^mm^o^x. m4<n?-{ 
Utt, Jh^ufc^: (2) tra«r*>5. 

[0 0 54] ^By^«#CLK1^0V*»{)t 
MIEEVc c\cm»l,1tb£* y-KNl^mjE2Vc 

*?D1<D y — y — KN 2 — 1£J£ 2Vcc-2V 
th-Vb^lt5o 

[0 0 5 5] rcD<t£ % I NVl^A^SglCte^n^ 
ff^CL^tfSA^HTi^S,, oSS, ^tzy^ff^ 
C L K 2 ttlilffV c c a><b 0 vicwrrsfca^ * 
^trv^S I NVlCOpMOS h^Vv^^SrrfrLT, 

y — KN i ^mteSr-i' >v<— 1 N V 1 _o u t 

[oo56] k _ho»m-r, -r mtjm I N V 
i__ou tcnm&teo vfrb, kn i tmcm&v 

cc-Vth^i:IM5c o£»K ^r-y^v/^C3co 
A^jJgttO Vd>emi£2 Vc c-V t h^^y^ 

[0 0 5 7] Z.(Dt%. /-KN3{C«2^693KV>^lHl 
^(C^rjjJO'trv^^H^cmEES Vc c-3Vth-V 
b S^Sivcv**. y— KN3CQli£m, 

1 NV2(C < fc51E3Vc c-3 V t h - V b d^MiC 
mJE2Vc c-V t h^2K>-tf>^^tl^ IJESVcc 
-4 V t h-Vb ' ktj:Z> 0 Z-<DWr£>. Vb>Vb' 

t% aaE^r^a*€:<s«br^s 0 
[0 0 5 8] -<y/waiMiNvi_ou 

t f* h 7 ^D3COp!) ^/WcS^^tbTV^ ^ 

*^e>. s^r^M^^«wp !>x/u (vs 

s ; 0V) f$<fct> t><£^UTV>£o ^>^tC. ^C0v^ 

>c ? y^MT-^—istf^zfmmxn, /— kn3cojk>- 

tr^^$ixycmffi«, tBE4Vcc-3Vth-Vbt 

^sotc^ux. ^^rinimi o-c 

zKyf ywm< t t)lff V c c - V t h5> 
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[00 5 9] WC, lNV2l:ait«Oi^KM 
100 6 0] lNV2OpM0Sh7^^(^y-^ 
3^^fV^^ttrmJBE3 Vc c-2V t h-VbA^t 

pMOS h7^^^Wy/<- *m*$gi nv 
2_o u td^W^/^^^o o3i?K ^tB^3«S 
1 NV2_o u t<Dmm*0 V^e>mflE3 Vc c-2V 
th-Vbfcl*f£U rtb^^-y^v/^C4<DA^^{C 
^$A£;ft,£o o£9, /-K4|j:0V^f)3Vcc-2 

V t h - V b <DMm\Ztf^\? >-i?£tlZ> 0 

[0 0 6 1] KN4liy- KN3^e>6Dm^ 

4Ulf±«BE5 Vc c-4 V t h-Vb^m$tb"CV> 
6 0 .tot, y-KN4f^ tE5Vcc-4Vth" 
Vb^f>iff3Vc c-2Vt h-Vb^/K^lfV^ 
*U W^Vo u t ttm S^_h. iffi8Vc c-6 

V t h-Vb ' tftZo C*U*. ^fAtrWm**-* — 
# ^\s\&<Dmjj V out ^fUE 5Vcc-4Vth- 
Vb"C&5;L£ri>e>, / >^<tt>lff3Vcc-2Vt 
h - V b fttdtffj ? y ^M^-Y— i^aK^^TElK J: 9 % 

^Sb****!! £ fix v ^ * r. £ 3. 

[0 0 6 2] ro^t^t, nMOSh7^^D4 

cc-2Vth-Vb$riALW5ri:^f), Vb> 
Vb 'T% £«^T*»;fc&^L-C^5#. sK^tT 

[0 0 6 3] *itefilTtt, »«0kitJBG>n 

MOShy^^DOi, 4^0^C3K^-fe/P (M 

Tta^sprte-cfes. ^oi^it, iswitinMos 

fCLK2^AM5^^WlNV3 (H^fri*) 
«^MOSh7^^D5 fla^-ST) 

(AAtt) IMU >f>/WINV3 0)(fft«A 

mm&vs s; ov) masBw-s. 

[00 64] ^I-e, i=l, 2, 3, -Ol««tL 

t, ifg^y/WiNVitt, i *s*»<D^#ii 
<Ok% A*i8m- tvy* m^- C L K 1 xti £ ti 



So -fy^ I NV i (l^i±"r) <£>ffi*&MOS h 
7^^Di+2 (HaHt-T) ^Mt6P!>x^t 

^•^ci + 2 (@^-r) emifm? CKxm 

lcA*U >f f<—fi I NV i ©HEtiA^li/- 
KN i ^ft^AWttS^mffiifl (giptUEV s 
s ; 0V) 

[0 0 6 5] H-reJC, ffi*H<0*ftS 2ft<D*Py^f§ 
tCLKl, CLK2ia»), i^$r^ltti»:lE 

h7>^^$rf^UTV^P!7x;HC % itr3 
^i-ct 5 lC nMOSF7^7^Dl, D 2<7)P 17^ 

/u&mmnEEM (xmmmvs s; ov) i^^^r 
[ 0 0 6 6 ] m 5 0 \^ *mm&M 2<n>^^— 

i?tf>'7 , ®&2 0-CH, nMOSh7^^D10P 
•>^/Hci^ci5/^^CLKl(DA^$r^$^ n 
MOS h7^v ? ^^D2 6DP^^/M^^ay i 7ft-^-CL 

So 

[0 0 6 7] ±l&«jfcfc:.fc!K ^D^^ffCLKl^ 
OVd^WlttEEVc c^l»Lfcfct, y-KNltt 
tff2Vcc-Vth(ClftSo nMOS 
h7^^D l#Jgj££*VO>£P v9 
CLKlia»)iItffVc c l^/W£^UTV^ 0 

fgfctf^tr^SiVC* h7V^*D2tC < fc'), h7 

y^^D2(oy-7^y-KN2^iE2Vc c - 

2Vth-Vb'+Vcc$:|cit5 fl <fcoT, /K:/^ 

[0 0 6 81 —*. ^ny^fifCLK2iSP{rx/Hi: 
A^Jttl^nMOS h7V^^D2^t>_b|2i:^ 

y^^Di, D2-C2Kvir>' 1 7 # $^t7tmjE^gL$^ 

[006 9] 3^*5, ±IB*16Jg|B 1 , 2 -Ctt, >v<— 
(INV1, INV2) -CRWUfcjflS, C^lii7 
o^^dtCLKl, CLK2^^;^fclint) 
^/HCISC-C, SJpmffiVs s (0V) *3itffif3fe^> 
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MJc&. h 7 ^ 5y yy- h Jfc if OTt a ^x>f 

[oo7o] ^fc, me&ni, 2m m*tf>y-t 

^nMOS h^^^^t?#fifcf-5«{COV^TRWL, 
fed 5 , C*UCl^<bt\ pMOSh7^^t«lt 
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